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CLAIMS 

A method of determining the structural health of a body; the method comprising the 
steps of identifying at least one phase characteristic of a signal represented by first 
data, the first dataWing derived from the body while bearing at least a guided wave 
produced in response to application of at least one excitation signal to the body, and 
providing a measure\>f the structural health of the body using the at least one phase 
characteristic. 



A method as claimed 
phase characteristic 



any preceding claim, in which the step of identifying the 
composes the step of calculating a phase modulation of the first 



data using ^(f) = arctan-^, where x(t) is the Hilbert transform of the signal 
represented by the first data af\d x(t) is the signal represented by the first data. 

A method as claimed in claim\ 2, in which the step of providing the measure of 
structural health comprises the^tep of determining the amplitude of the phase 
modulation. 



A method as claimed in claim 3, in which the step of determining the amplitude of the 
phase modulation comprises the step of determining the maximum amplitude of the 
phase modulation. 



A method & claimed in any preceding claim, in which the step of identifying 
comprise the Steps of taking the Fourier transform of the first data and applying the 
convolution theorem which gives 



sga(/)= 




where sgn(f) is the signum function defined as 



1 for 

-1 for /<( 



where f is frequency. 
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6. A method as claimed in claim 1, in which the step of identifying comprises the step of 
comparing the first data with second data, representing the excitation signal launched 
into ihe body to produce a guided wave within the body, to identify a phase 
difference between the first and second data; and in which the at least one phase 
characteristic comprises the phase difference. 

7. A method as claimed in claim 1, in which the step of identifying comprises the step of 
comparing the first data with second data, representing a previously determined 
response of the body to bearing a guided wave produced in response to the excitation 
signal being launched into the body, to identify a phase difference between the first 
and second data; and in which the at least one phase characteristic comprises the 
phase difference. 
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A method as claimed in either of claims 6 and 7, in which the phase difference is 
calculated using a crcW-correlation function 



where R(Ti) is the cross-correlation function between the first and second data and N 
is the number of data sampleAof the first and second data. 

9. A method as claimed in claim 8, in which the measure of structural health is given by 
at least one of D=*l-R(Ti) or D=l/R(xj). 

10. A method as claimed in any of claims 6 to 9, in which the step of providing 
comprises tite step of identifying the magnitude of the instantaneous phase difference 
between the first and second data. 

11. A method as claimed in any preceding claim, in which the guided wave is a Lamb 
wave. 

12. A method as claimeoL in any preceding claim, further comprising the steps of 
attaching a first transducer to the body and applying the excitation signal to the first 
transducer to induce the propagation of the guided wave within the body. 

13. A method as claimed in any preceding claim, further comprising the step of attaching 
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a second transducer to the body and measuring the response of the second transducer 
to the presenceW the guided wave. 

A method as claimed in any preceding claim, further comprising the steps of applying 
a third transducer\td^the body and applying a second excitation signal to the third 
transducer. 



15. A method as claimed m any preceding claim, in which the excitation signal applied to 
a transducer is arrangeqto produce a guided wave having a predetermined frequency. 

16. A method as, claimed in claim 15, in which the predetermined frequency is selected 
according to the dimensions of an anticipated defect within the body. 



A methock as claimed in any preceding claim, in which the excitation signal is 
arranged toYave at least one predetermined frequency component, 



18. A method as maimed in claim 17, in which the at least one predetermined frequency 
component comprises at least one frequency component that is related to at least one 

fy of a desired mode of propagation of the guided wave and the thickness of the material 

under test, preferably, the at least one predetermined frequency component comprises 
at least one frequency component in the range 80 kHz to 10 MHz, 

19. A method as claimed in either of claims 17 and 18 5 in which the at least one 
predetermined frequency component comprises at least one frequency component in 
the range 1 Hz to 10 kHz^ 

20. A method as claimed in any preceding claim, in which the excitation frequency is 
selected to induce a predetermined mode of propagation of the guided wave within 
the body. 

21. A method as claimed in any \preceding claim, in which the excitation signal 
predetermined frequency is seleqjed according to a resonant mode of the first 
transducer. 

22. A method as claimed in any of clainA 6 and 21, in which the step of providing the 
measure of structural health comprisesVhe step of comparing the amplitude of the 
phase modulation with the amplitude of tlta excitation signal. 
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23. A method for monitoring the structural integrity of a body substantially as described 
herein with reference to and/or as illustrated in the accompanying drawings. 
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25. 



An apparatus for determining the structural health of a body; the apparatus 
comprising, means for identifying at least one phase characteristic of a signal 
represented*^ nrst data, the first data being derived from the body while bearing at 
least a gmdeoVwave produced in response to application of at least one excitation 
signal to the body, and means for providing a measure of the structural health of the 
body using the at\ast one phase characteristic. 

An apparatus as claimed in claim 24, in which the means for identifying the phase 
characteristic comprises means for calculating a phase modulation of the first data 

using $(t)= arctan— — , where x(f) is the Hilbert transform of the signal 
x(t) 

represented by the first data and x(t) is the signal represented by the first data. 
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26- An apparatus as claimed in claim 25, in which the means for providing the measure 
of structural health comprises means for determining the amplitude of the phase 
modulation. 
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27, An apparatus as claimed in claim 26, in which the means for determining the 
amplitude of the phase modulation comprises means for determining the maximum 
amplitude of the phase modulation. 

28 An apparatuses claimed in any of claims 24 to 27, in which the means for identifying 
comprises meafts for taking the Fourier transform of the first data and means for 
applying the convolution theorem which gives 



F[x(t)] =X(f) = kf\- j sgnC/-)} , 



where sgn(f) is the signum function defined as 



sgn(/) = 



1 for f^O 
-1 for /<0' 



yhere f is frequency. 
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An apparatus as claimed in claim 24, in which the means for identifying comprises 
means for coxdo^cing the first data with second data, representing the excitation signal 
launched into tMt^dy to produce a guided wave within the body, to identify a phase 
difference betWfen the first and second data; and in which the at least one phase 
characteristic comprises the phase difference. 

30. An apparatus as claimed in claim 24, in which the means for identifying comprises 
means for comparing the first data with second data, representing a previously 
determined response of die body to bearing a guided wave produced in response to 
the excitation signal launched being launched into the body, to identify a phase 
difference between the first and second data; and in which the at least one phase 
characteristic comprises the phase difference. 

wT) 33L Art appaAtus as claimed in either of claims 29 and 30, in which the phase difference 
jff I is calculate^ using a cross^correlation function 

s I 

% H f =1 
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J\ where R(ti) is tne cross-correlation function between xhe first and second data and N 

fU is the number of cteta samples of the first and second data. 

h y 

q 32. An apparatus as claimed in claim 31, in which the measure of structural health is 

H given by at least one of D=l -R(*r0 or D= 1/R(xi). 



33. An apparatus as claimed in any of claims 29 to 32, in which the means for providing 
comprisesVieans for identifying the magnitude of the instantaneous phase difference 
between therirst and second data, 

34. An apparatus as claimed in any of claims 24 to 33, in which the guided wave is a 



Lamb wave. 



35. An apparatus as claimed in any of claims 24 to 34, further comprising means for 
attaching a first transducer to the body and means for applying the excitation signal to 
the first transducer to induce the propagation of the guided wave within the body. 

3d. An apparatus as claimed any of claims 24 to 35, further comprising means for 
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attaching a second transducer to the body, and means for measuring the response of 
the second transducer to the presence of the guided wave. 

An apparatus as claimed in any of claims 24 10 36, further comprising means for 
applying a mird transducer to the body and means for applying a second excitation 
signal to the thi^Uransducer. 

38. An apparatus \ claimed in any of claims 24 to 37, in which the excitation signal 
applied to the\ transducer is arranged to produce a guided wave having a 
predetermined frequency. 

39. An apparatus as claimed in claim 38, in which the predetermined frequency is 
selected according to the dimensions of an anticipated defect within the body. 

f*>\$& Wfr?0. An apparatus as claimed in any of claims 24 to 39, in which the excitation signal is 
rjj I arranged \o have at least one predetermined frequency component. 

41. An apparatus as claimed in claim 40 5 in which the at least one predetermined 
frequency component comprises at least one frequency component that is related to at 
least one of desired mode of propagation of the guided wave and the thickness of the 
material undentest and preferably comprises at least one frequency component in the 
range 80 kHz t\ 10 MHz. 

42. An apparatus as\ciaimed in either of claims 40 and 41, in which the at least one 
predetermined frequency component comprises at least one frequency component in 
the range 1 Hz to 10 kHz. 

43. An apparatus as claimed in any of claims 24 to 42, in which the excitation frequency 
is selected to induce predetermined mode of propagation of the guided wave within 
the body. 

44. An apparatus as claimea in any of claims 24 to 43, in which the excitation signal 
predetermined frequency! is selected according to a resonant mode of the first 
transducer, 

45. An apparatus as claimed in Vny of 24 to 44, in which the means for providing the 
measure of structural health Vomprises means for comparing the amplitude of the 
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^ phase modul^on with the amplitude of the excitation signal, 

46. An apparatus for monitoring the structural integrity of a body substantially as 
described herein with reference to and/or as illustrated in the accompanying 
drawings. 

$ih> |^\W47. A compV<&program element for implementing a method or system as claimed in any 
' precedinjralaim. 

48. A computer program product comprising a computer readable storage medium having 
stored thereon a computer program element as claimed in claim 47. 
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